Objective: Suicide is a major public health problem and the 10th leading cause of death in the United States. The identification of modifiable risk factors is essential for reducing the prevalence of suicide. Recently, it has been shown that insomnia and nightmares significantly increase the risk for suicidal ideation, attempted suicide, and death by suicide. While both forms of sleep disturbance may independently confer risk, and potentially be modifiable risk factors, it is also possible that simply being awake at night represents a specific vulnerability for suicide. The present analysis evaluates the frequency of completed suicide per hour while taking into account the percentage of individuals awake at each hour. Methods: Archival analyses were conducted estimating the time of fatal injury using the National Violent Death Reporting System for 2003-2010 and the proportion of the American population awake per hour across the 24-hour day using the American Time Use Survey. Results: The mean ± SD incident rate from 06:00-23:59 was 2.2% ± 0.7%, while the mean ± SD incident rate from 00:00-05:59 was 10.3% ± 4.9%. The maximum incident rate was from 02:00-02:59 (16.3%). Hour-by-hour observed values differed from those that would be expected by chance (P < .001), and when 6-hour blocks were examined, the observed frequency at night was 3.6 times higher than would be expected by chance (P < .001). Conclusions: Being awake at night confers greater risk for suicide than being awake at other times of the day, suggesting that disturbances of sleep or circadian neurobiology may potentiate suicide risk. The effort to understand why people die by suicide, and why so many others attempt suicide, requires the identification of risk factors that are associated with such behaviors. Recently, sleep disturbance has been identified as an indicator of risk for suicidal ideation, suicide attempts, and suicide. To date, there have been at least 40 studies that have evaluated the association of sleep disturbance and suicide (eg, references 2-12). Pigeon et al 5 recently conducted a metaanalysis of these studies and found that sleep disturbance was associated with an overall increased risk across suicide outcomes (risk ratio = 2.79; 95% CI, 2.44-3.19). Insomnia, nightmares, and "other sleep disturbances" were found to have comparable risk ratios, overall (2.84, 2.61, and 2.72, respectively). Several recent epidemiologic studies add to the existing evidence base by providing information about how the specific subtypes of insomnia and sleep duration are associated with suicide. For example, Wojnar et al 11 found that difficulty initiating sleep and difficulty maintaining sleep predicted suicidal ideation and planning, and difficulty maintaining sleep was associated with suicide attempts. Short sleep duration, while not an insomnia subtype per se, has also been found to be associated with suicidal ideation across several studies (eg, reference 13).
1
Suicide occurs in both men and women, in most age groups, and in all socioeconomic groups and races. 1 The population trends suggest that completed suicide occurs most often in non-Hispanic white men and among those aged 45-64 years, with an annual population prevalence of approximately 12 per 100,000 individuals. 1 The effort to understand why people die by suicide, and why so many others attempt suicide, requires the identification of risk factors that are associated with such behaviors. Recently, sleep disturbance has been identified as an indicator of risk for suicidal ideation, suicide attempts, and suicide. To date, there have been at least 40 studies that have evaluated the association of sleep disturbance and suicide (eg, references 2-12). Pigeon et al 5 recently conducted a metaanalysis of these studies and found that sleep disturbance was associated with an overall increased risk across suicide outcomes (risk ratio = 2.79; 95% CI, 2.44-3.19). Insomnia, nightmares, and "other sleep disturbances" were found to have comparable risk ratios, overall (2.84, 2.61, and 2.72, respectively). Several recent epidemiologic studies add to the existing evidence base by providing information about how the specific subtypes of insomnia and sleep duration are associated with suicide. For example, Wojnar et al 11 found that difficulty initiating sleep and difficulty maintaining sleep predicted suicidal ideation and planning, and difficulty maintaining sleep was associated with suicide attempts. Short sleep duration, while not an insomnia subtype per se, has also been found to be associated with suicidal ideation across several studies (eg, reference 13).
It is possible that the association between sleep disturbance and suicide can be explained by factors independent of sleep. For example, variance accounted for by sleep disturbance may simply represent the effects of physiological, psychological, and/or social stressors that may not otherwise be adequately captured. 5 Yet another possibility is that sleep disturbance results in being awake at night, and it is the fact of being awake at night itself that confers risk. If this is the case, it would be expected that the incidence of suicide attempts and/ or completed suicides should be elevated at night (during the circadian phase for sleep). To date, 8 studies [14] [15] [16] [17] [18] [19] [20] [21] have investigated the temporal patterning of suicide across the 24-hour day and found that the peak frequency for completed suicide occurs during the day. Although seminal, the above studies did not adjust for the proportion of the population awake at each time interval. Since suicide represents an intentional behavior that can only be performed when awake, It is illegal to post this copyrighted PDF on any website.
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Clinical Points
■ Little attention has been paid to the circadian patterning of suicide and the possibility that at-risk individuals are unduly vulnerable at specific times of the day or night.
■ Modifying risk for the 20% of suicides that occur during the night may be as simple as ensuring that such individuals can sleep through the night and/or have increased access to supportive resources during this phase of the circadian day.
the population that is at risk of suicide varies by time of day. The present analysis evaluates the incidence of suicide by clock time while accounting for the proportion of the population that is likely awake at each given hour. The hypothesis for the present analysis is that, after accounting for the proportion of the population likely to be awake, suicide disproportionately occurs at night.
METHODS
Data Source
Two databases were used to evaluate the study hypothesis. The National Violent Death Reporting System (NVDRS; www.cdc.gov/violenceprevention/nvdrs/) 22 was used to investigate deaths by suicide by clock hour. The American Time Use Survey (ATUS; www.bls.gov/tus/data.htm) 23 was used to assess the proportion of the population that is awake by clock hour. Both databases are available to public access. The archival analysis project conducted here was reviewed by the University of Pennsylvania's Internal Review Board (IRB 815690).
The NVDRS data set, compiled by the Centers for Disease Control and Prevention, includes details on violent deaths from 18 participating US states.
22
The data for the present study included the years 2003-2010. The 4 major sources of data include death certificates, reports from the coroner and/or medical examiner, reports from law enforcement agencies, and reports from crime laboratories. For the present analyses, all the available data regarding estimated time of fatal injury were obtained from the database, regardless of method or situational factors. In addition to estimated time of fatal injury, several other variables were extracted from the NVDRS database including estimated time of fatal injury, age, sex, race/ethnicity (non-Hispanic white, black/ African-American, Hispanic/Latino, Asian, and other), and mood status ("current depressed mood").
Estimated time of fatal injury was binned in 1-hour segments (00:00-00:59, 01:00-01:59, 02:00-02:59, etc) and also arrayed in 6-hour bins categorized as "night" (00:00-05:59), "morning" (06:00-11:59), "afternoon" (12:00-17:59), and "evening" The ATUS is a database maintained by the US Bureau of Labor Statistics and is an annual survey that assesses a range of activities across the 24-hour day in a representative sample of Americans.
23
The survey is conducted by phone and requires respondents to retrospectively profile their activities hour by hour for the last 24 hours. Responses are coded into standardized categories. The primary variable of interest was the report of "sleep. " The percentage of the population awake per hour is represented in Figure 1A . Additional data were also gathered on age, sex, and race/ ethnicity. The data for the present analysis were acquired from 2003 through 2010 and represent population-weighted values for the weekdays (vs weekends). In supplementary analyses stratified by age, sex, and race/ethnicity, weighted population estimates were separately computed for each category.
Conceptual Approach
If an analysis aims to discern the temporal patterning of a behavior by hour over the 24-hour day, it follows that (1) the null hypothesis would be that time 1 = time 2 = time 3 and so on (ie, the behavior of interest occurs with similar frequency across all time intervals) and (2) a significant finding would entail the observation that 1 or more time points would be associated with more or less occurrences of the behavior than expected based on the null hypothesis. In both cases, the underlying assumption is that there is an equal probability of the suicidal behavior occurring across all time intervals. Such equal probability is not, however, likely to be the case. Since the behavior of interest is volitional and requires wakefulness, the calculation must take into account the probability of being awake across the 24-hour day. Put differently, the question may be better phrased as, "How common is suicide at each hour of the day, given how many people tend to be awake at that hour?" When suicidal behavior is asked and operationalized in this manner, it may be possible to observe an effect that has been previously masked-that suicide occurs disproportionately at night.
For example, a data set of 100 individuals who perform a behavior is collected, and the cumulative occurrences of the behavior are arrayed by hour for each hour of the 24-hour day. Assuming equal probability of performing the behavior for each hour (eg, 100/24 = 4.17 per hour), if it is observed that 10 individuals performed the behavior at 13:00 (1 pm) and 2 individuals performed the behavior and at 01:00 (1 am), then it would be concluded that the behavior occurred disproportionately more frequently at 1 pm (10 vs 2). If, however, approximately 95% of the population is awake at 1 pm and only 10% of the population is awake at 1 am, and if the behavior estimates were weighted to take this into account, then the adjusted incidents would be 10.5% at 1 pm and 20% at 1 am (10/[100 × 0.95] and 2/[100 × 0.10]). When incidence is assessed in this manner, it would be concluded that behavior occurred disproportionately at 1:00 am. This approach was used for the present study.
Statistical Analyses
Time of fatal injury was categorized by hour (24 bins, 1 hour per bin) or by general time of day (4 bins, 6 hours per bin). The proportion of the population awake by hour was determined using ATUS. These proportions were used to compute the expected number of suicides per hour to compare to observed values. These computations resulted It is illegal to post this copyrighted PDF on any website. in raw and adjusted percentages of suicides by clock hour, relative to the complete sample, as well as relative to the proportion of the population awake at each hour. In addition, these computations resulted in observed and expected frequencies for each clock hour.
Based on these values, the null hypothesis that time 1 = time 2 = time 3 , etc, was tested (taking into account appropriate weighting) using a χ 2 goodness-of-fit test. This test served as an omnibus evaluation of whether there are differences in the observed versus expected percentages across clock hours. A significant result would indicate that at least 1 hour was different from the rest. To evaluate the degree to which the prevalence at each hour deviated from what would be expected, a series of standardized incidence ratios (SIRs) were computed by dividing the number of observed suicides per hour by the number of suicides expected based on ATUS estimates. By taking this approach, a 95% confidence interval around the SIR was obtained. Because of the large sample size and high statistical power for detecting very small effects, a phi statistic was calculated to estimate It is illegal to post this copyrighted PDF on any website.
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Perlis et al Phi is calculated by taking the square root of the result of dividing the χ 2 statistic by the sample size. As with Cohen d, typical rules of thumb suggest that effects of 0.2 are small, effects of 0.5 are medium, and effects of 0.8 are large. Post hoc hour-byhour pairwise comparisons were not performed. A similar process was followed to obtain weighted percentages and both observed and expected values for the 4 time-of-day categories. Similarly, χ 2 goodness-of-fit tests were used to detect whether there were differences among the times of day, and phi statistics were computed to estimate effect size. Finally, post hoc pairwise tests compared night-morning, night-afternoon, night-evening, morning-afternoon, morning-evening, and afternoon-evening periods. To evaluate whether this pattern was consistent across demographic groups, this analytic approach was repeated in analyses stratified by sex, race/ethnicity, and 10-year age groups. Separate ATUS values were extracted for each group. Also, separate analyses were performed for individuals with or without known depression (collected by NVDRS), using the overall sample values from ATUS.
RESULTS
Characteristics of the Overall Sample: Unadjusted Data
A total of n = 35,332 records of the 71,282 documented suicides had time of fatal injury data and were included in analyses. The first evaluation was undertaken without any adjustment for the proportion of the population that is likely awake at each given hour. As can be seen in Table  1 , the 2 subsets of data (records with and without time of fatal injury) did not differ with respect to demographics, education, or mood status (depression). In the unadjusted data (see Table 2 , column 7 and Figure 1B) , the majority of suicides were committed during the day with a peak frequency at noon (6.6%) and a trough frequency at 4 am (2.0%). The overall distribution was roughly sinusoidal with suicide at night (midnight to 6 am) occurring in 18.1% of the sample.
Characteristics of the Overall Sample: Adjusted Data
When accounting for the proportion of the population that is likely awake at each given hour (see Table 2 , columns 2 and 9 and Figure 1C) , the majority of suicides were It is illegal to post this copyrighted PDF on any website. The proportion of suicides occurring at each clock hour compared to the amount of the sample that is estimated to have been awake at that time (obtained by dividing the number of observed suicides from column 6 by the expected number awake in column 4). h Values from column 8, divided by the sum of all values from column 8. This normalizes proportions so they all add up to 100. i SIR computed by dividing the observed frequency from column 6 (ie, observed) by the scaled number expected awake from column 5 (ie, expected). j 95% confidence interval (95% CI) computed around the SIR. k P value for SIR. Abbreviations: ATUS = American Time Use Survey, SIR = standardized incidence ratio.
committed at night with a peak frequency from 02:00-02:59 (16.3%) and a mean ± SD incident rate from 00:00-05:59 of 10.3% ± 4.9%. In this model, 63.9% of the suicides occurred between midnight and 6 am. The overall distribution, apart from midnight to 6 am, was flat with a mean incidence of suicide across the remaining 18 hours (6 am-midnight) of 2.2% ± 0.7% per hour. This 24-hour pattern of time of fatal self-injury (hour by hour) deviated from that which would be expected by chance (see Table 2 , column 12). When the data were categorized in 6-hour bins (night, morning, afternoon, or evening), post hoc pairwise χ 2 tests (see Table  3 ) showed that the rate of suicide at night was significantly greater than the rate of occurrence during the morning, afternoon, and evening. Further, the differences between morning, afternoon, and evening were nominal.
Stratified Analyses
The temporal pattern effect of suicide was evaluated by age, sex, and race (Table 4 ). When the sample was stratified by sex, the overall pattern of incidence of suicide over time, adjusting for likelihood of being awake, was maintained, with significant differences when examining hour-by-hour data and data by 6-hour categories. When examining effect sizes, there was a clear gender difference: the temporal effects for men were larger than for women. When the sample was stratified by race/ethnicity, the same temporal pattern emerged with nominal differences among groups. The largest effect sizes were seen among Hispanics/ Latinos and the smallest effect sizes were seen among blacks/ African-Americans. When the sample was divided into 10-year age groups, the pattern remained, with significant omnibus effects for all groups. It should be noted, however, that effects were largest among the 15-to 24-year and 25-to 34-year age groups and, to a lesser degree, the 35-to 44-year age group. Analyses stratified by depression also show this pattern, with both depressed and nondepressed individuals showing increased prevalence of suicides at night (P < .0001 for both models).
DISCUSSION
Summary of Main Results
Only a few studies have examined the temporal patterning of suicide across the 24-hour day. The results of all the It is illegal to post this copyrighted PDF on any website.
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Perlis et al indicated a higher prevalence of suicides during the day than at night. These findings were, however, based on the assumption that the probability for suicide is equal during each hour of the 24-hour day. This is unlikely because the at-risk population (ie, the denominator for the suicide rate) changes with time of day. In the present analysis, when accounting for the proportion of the population that is awake at each given hour, it was found that suicide is more likely to occur at night then during the morning, afternoon, or evening hours. This finding was consistent across age, sex, and race/ethnicity groups and for depressed and nondepressed individuals. The effect sizes for the finding were nominally greater for younger individuals, males, and those identified as Hispanic/Latino.
Implications
If suicide occurs disproportionately at night (as compared to other times during the 24-hour day), the emergent question is, "What about being awake at night confers risk?" One possibility is that being awake at night may be associated with reduced social support and increased utilization of alcohol and other substances It is illegal to post this copyrighted PDF on any website. Nocturnal Wakefulness and Suicide that promote cognitive and behavioral disinhibition (eg, references 24, 25) . These factors alone, or in combination with other known and unknown factors, may confer increased risk for suicide. Another possibility, in line with current findings, is that insomnia and/or nightmares contribute to suicidal ideation and behavior by making it more likely that an afflicted individual will be awake at night, intensifying the individual's sense of hopelessness, isolation, and distress relative to inability to sleep. Being awake at night (when one is not biologically predisposed to be awake) also quite likely results in a decrease in frontal lobe function (ie, hypoactivation of the frontal lobes due to circadian effects, sleep loss/sleep deprivation, and/or sleep inertia) (eg, reference 26). Hypofrontality, in turn, may result in diminished problem-solving abilities and increased impulsive behavior, both of which may be expected to increase the risk for suicide. This possibility suggests that one way to reduce the risk of suicide is to ensure that individuals are not awake when they are disproportionately vulnerable. Conceptualized this way, it follows that (1) targeted treatment for insomnia and nightmares and (2) the increased allocation/utilization of psychosocial resources at night (eg, increased availability of peer and professional support) should have substantial value as preventive strategies for suicide.
Limitations
The NVDRS data set does not contain data regarding why individuals who die by suicide at night were awake from midnight to 06:00. Although insomnia and awakenings from nightmares seem like reasonable explanations, it is also possible that the individuals who die by suicide at night did so deliberately; that is, they simply stayed awake until a chosen hour. Further, while the given data make it clear that being awake at night is a risk, there are no data to allow for an assessment of which factors (eg, social isolation, access to weapons, alcohol and substance use, or decreased executive functioning) alone, or in combination, undergird the observed finding. Finally, the use of the ATUS data set to estimate proportion of the population awake at each time interval across the 24-hour day may systematically underrepresent the segment of the population of depressed and/or suicidal individuals who are awake during the traditional sleep period and asleep during the day.
Future Directions
Several directions for further research seem possible. First, a large-scale psychological autopsy study could be undertaken to assess the relative contribution of insomnia and/or nightmares, social isolation, and access to substances to the observed finding. Second, within-subject circadian experimental paradigms (with or without quantitative electroencephalography measures of frontal lobe activity) could be used to assess how executive function, suicidal ideation, and/or impulsive behavior vary as a function of time of day, especially in at-risk subjects. Third, large-scale studies of circadian effects on decision-making and/or impulsive behavior could be conducted in other populations that are more easily tracked (eg, data sets that have hour by hour data related to online gambling, shopping, or social networking). Finally, as suggested above, an indirect assessment of the association, and the importance, of being awake during the normal sleep period (circadian night) could be accomplished by assessing whether treatment for insomnia and/or nightmares or increased nighttime psychosocial support in at-risk populations diminishes suicidal ideation and behavior. This last possibility appears to be particularly viable given the results from a recent study by Trockel and colleagues that provides the first evidence that cognitive behavioral therapy for insomnia can significantly reduce suicidal ideation. 
